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PREFACE

This report presents the results of research performed at the
Transpoftation Systems Center (TSC) dealing with mathematical
methods of predicting accidents at rail-highway crossings. The
work consists of three parts: Part I - Revised DOT Accident Pre-
diction Formula; Part II - Accident Prediction Formula with
Accident History; Part III - Comparative Performance of three Rail-
Highway Crossing Hazard Models. The study was sponsored by the
U.S. Department of Transportation (DOT), (specifically, the Office
of Safety of the Federal Railroad Administration and the Office of
Research of Federal Highway Administration). This study supports
a program which was outlined in the 1972 DOT report to Congress on
safety improvement at 30,000 rail-highway crossings in the United
States.

This report is part of a TSC rail-highway program under the
management of Robert Coulombre. Some analysis and computer pro-
gramming work for Part I was done under contract by IOCS, Cambridge,
Massachusetts. Other computer programming work for all three
parts was done by Steven Cultrera of TSC.
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PART I - REVISED DOT ACCIDENT PREDICTION FORMULA




1. INTRODUCTION

A new accident prediction formula has been developed using
the same techniques as those used for the old formula.1 The work
was done with two purposes in mind: 1) to see if the resulting
formula would be significantly different, if another set of acci-
dent data were used instead of the 1975 accident data employed
for the original formula; and 2) to use a function of "exposure"
for the part of the formula involving traffic volumes.

On the first point, the 1976 accident file and the August
1976 inventory were used to develop the formula. More specifically,
half of the file was used to determine the coefficients, by regres-
sion and iteration, and the other half was used for testing and
formula selection based on power and prediction factors.

On the second point, "exposure'" is defined as the product of
daily Bighway and daily train traffic. It was thought that exposure
would be proper to use to build the volume function, because the
New Hampshire formula produces good power factors in most cases.
This is also true for the Peabody-Dimmick formula, which resembles
an exposure formula. Another reason is that the level curves of
the original hazard formula, in the C,T plane, have been observed
to be nearly hyperbolic. The main benefit of an exposure function
is to simplify the formula. This should add to its credibility

especially for those users who are not mathematically trained and,

1Mengert, P., "Rail-Highway Crossing Hazard Prediction Research

Results," U.S. Dept. of Transportation, Federal Railroad Adminis-
tration, Washington DC, March 1980, FRA-RRS-80-02.
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hence, are not comfortable with an abstract mathematical function.
Having exposure represent highway and train traffic will also
shorten the tables used for evaluating the formula.

In Section 2, tables are presented which are convenient to
use in determining accident prediction values when only a few
crossings are involved. In Section 3, characteristics of the
formula are discussed, including sensitivity to the independent
variables. In Section 4, the performance of the new formula is
given and a comparison is made with the old formula. In Section
5, the development and derivation of the formula are discussed.

Section 6 contains the conclusions.



2. FORMULA AND TABLES

The revised formula has been developed by the technique dis-
cussed in Section 5. This formula has been normalized for 1977
accidents using the May 1978 inventory. The normalization was
done first by making the sum of the predicted accidents of the
crossings in the groups (corresponding to the three equations)
equal to the number of valid accident records in each group, re-
spectively. Then, a further constant was applied to all three
equations to make the sum of predicted accidents of all crossings
equal to 12,299, the total number of crossing accidents in 1977.

The formula consists of the following three equations:

a. For Warning Device Classes 1, 2, 3, 4, (Passive Devices):

h

0.00873 e2X;

>
n

1 .3839 LOGlO(CT + 0.2) + .1538 LOG, (D + 0.2)

-0.3080 HP + ,05111 P + .003855 MS
-.04991 HT + .1047 MT
b. For Warning Device Classes 5, 6, 7:

h = 0.00434 e?X2

XZ . 3400 LOGlO(CT + 0.2) + .05415 LOG; ¢ (D + 0.2)
+ ,05442 MT + ,06900L + .02032 P.

c. For Warning Device Class 8:

h = 0.00163 e2X3
Xz = .3588 LOG,,(CT + 0.2) + .1456 MT + .05180L.
h = Predicted number of accidents per year
T = Number of trains per day
C = Number of highway vehicles per day

4



MT

MS

HP

HT

L

Number of day thru trains per day

Number of main tracks

Maximum time table speed

Highway paved = 1 if paved, 2 if not paved
Population. This is the tens digit of functional
classification of road over crossing

Highway type. This is the units digit of functional
classification of road over crossing.

Number of traffic 1lanes.

All of the variables refer to data taken directly from the in-

ventory.

For convenience, Table 2-1 shows which variables are in the

old formula (v) and which are in the new (revised) formula (X).

TABLE 2-1. OLD AND NEW FORMULA VARIABLES
’ Flashing T
Variable Passive Lights Gates

C xv xv X/
T xv xv ) $%
D Xv ) %
MT Xv XV xv
HP XV
MS X
HT Xy v

P XV ) 8%

L XV xv




2.1 WARNING DEVICE CLASSES 1, 2, 3, 4

Generally, it can be concluded that the old set of variables
and the new set are nearly the same. Maximum time-table speed is
the only new entry and only highway type has dropped out of the
flashing light equation.

Tables have been prepared for these classes which are con-
venient for calculating hazard indexes. The equation for device
classes can be written as a product of factors:

where
EI, , = :00873 (CT + 0.2)>°%
.1334
DT;_, = (D + 0.2)
_ -.6160 HP
HP . = e
MT,_, = +2094MT
pr 7Y _.10222P
1-4 - €
 _.099982HT
HT1_4 - e
_.007710MS
B181_4 = e

Each of these factors is tabulated in Table 2-2.

2.2 WAPRNING DEVICE CLASSES S5, 6, 7
For warning device classes 5, 6, 7, the product form of the
equation is:

H=Elg , XDTg_, XMIg_; X Lc_; X Pg_,

EIg_, = .00434 (CT + 0.2)‘2953
DT¢_, = (D + 0.2)-0470
_.10884MT
MT5_7 = e
_ ..13800L
L5_7 = e
_ .04064D
Pg_7 = ¢

Each of these factors is tabulated in Table 2-3.
6
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2.3 WARNING DEVICE CLASS 8

For warning device class 8, the product form of the equation

is:
H = E18 X MT8 X L8,
where
Elg = .00163 (CT + 0.2)" 117
MT8 - e.2912 MT
L. = .10360 L
8-e

Each of these factors is tabulated in Table 2-4,.

TABLE 2-4. FACTORS FOR WARNING DEVICE CLASS 8

Main
CT 518 Tracks M'I'8 Lanes L8
<1650 <.015 0 1.00 1 1.11
1650-5237 .02 1 1.34 2 1.23
5238-25007 .03 2 1.79 3 1.36
25008-56004 .04 3 2.40 4 1.51
>56004 >.04 4 3.21 5 1.68
5 4.29 6 1.86
6 5.74 7 2.07
>6 >5.74 8 2.29
9 2.54
>9 >2.54




3. FORMULA CHARACTERISTICS

3.1 SENSITIVITY

It is important to determine the sensitivity of the equation
for the predicted accidents per year h, to the many variables in
the equations. As a function of C and T, keeping the other vari-
ables fixed, the function for h is of the form:

h =K (CT + 0.2)%,

where K and o are constants. For T (or C) fixed, h is of the

general form:

C (or T)

It increases without bound and the rate-of-change can be obtained
by simple differentiation. The steepest slope is at C = 0, with
the slope decreasing as C increases.

For the other variables, the sensitivity of H can be determined
by simple algebra, with the results shown in Table 3-1. Thus, for
example, for warning device classes 1, 2, 3, 4, if MT is increased
by one, and all the other variables are held fixed, the new value of
H is 1.233 times the old value. The constant 1.233, is used no

matter what the values of the variables are.

10



TABLE 3-1. SENSITIVITY OF h TO NON-VOLUME VARIABLES

!Variable Change in h per unit Increased in Variable
Classes 1, 2, 3, 4 Classes 5, 6, 7 Class 8
0 215__:_;_16.:%.1334-1 4 Qniz%f% .0470_,1 -
MT .233H .115H .338H
HP -.460H - -
MS .008H - -
F -.095H - -
P .108H .041H -
L - .1484 .109H

3.2 FORMULA GRAPHS

It is always difficult to graphically portray a multi-variable
function. 1In this case, it is useful to consider the predicted
accidents per year h as a function of the principal independent
variables T and C, holding the non-volume variables fixed.

When this is done, h can be viewed as a surface defined over the
C, T plane. The equal level lines of the three accident predic-
tion surfaces are shown in Figures 3-1, 3-2, and 3-3.

One of the significant results of these surfaces is that the
surface for warning device classes 5, 6, 7 is everywhere less than
that for warning device classes 1, 2, 3, 4, and the surface for
warning device class 8 is less than that for warning device classes

5, 6, 7. This contrasts somewhat with similar surfaces for the

11
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previous formula1

in that the surface for warning device classes
5, 6, 7 was higher than that for warning device classes 1, 2, 3,
4 for part of the C, T plane.

Another observation is that h, for warning device classes 1,
2, 3, 4, is monotonically increasing with T and C. This also is
in contrast to the previous formula which had a flat region for
the surface and even a maximum for large T and C.

For different values of the non-volume variables, the surfaces
would have the same essential character. This is based on the
observation from the sensitivity results that any change in the
non-volume variables, other than D, will cause the surface to be
changed only by a constant. The constant will be different gener-
ally for each equation, which could cause the surface for a higher
warning device to be actually higher. This appears to be true
only for very extreme values of the variables and for a very small
number of crossings. For different values of D, the multiplier of
the surface is a function of D, and hence the effect is not so

simply stated. However, it is not expected that the character of

the surface would change considerably.

1Mengert, Op. Cit., p. B-7.
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4. PERFORMANCE OF REVISED FORMULA

The final performance measure of the revised formula is ex-
pressed by the power factors and prediction factors. To explain
these measures, first rank the crossings by the accident prediction
formula and select the X% having the highest values. Then if Y
denotes the percent of accidents which occur within this selected
set of crossings, and Z denotes the percent of total sum of pre-
dicted accidents represented by this selected set of crossings,

then the X% power factor is Y/X and the X% prediction factor is

Y/Z. Power factor expresses the ability of a formula to determine
relative accident rate, and prediction factor expresses the ability
of the formula to determine absolute accident rate. The power
factors and prediction factors for X = 0.25%, 0.50%, 1.0%, 2.0%,
3.0%, 5.0% 10.0% for the revised formula along with the corre-
sponding values for the old formula are given in Table 4-1.

Results are given for crossbucks (warning device class 4),
for flashing lights (warning device class 7), and for gates (warn-
ing device class 8). Incorporating accident history, the formula

used is given in Part II:

t
t n
H = o h + -,
t0+ t to+ t t
where,
H = Predicted accidents per year with accident history
h = Predicted accidents per year without accident history
t = Number of years of accident history
n = Number of accidents in t years
t = 1.0

16
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Results are given for all eight classes combined, with t=0, t=1, and
t=2. When t=0 (and hence n = 0), it is seen that H=h.

Overall, it appears that the revised formula performs about
equally well in comparison with the old formula. In some places
it is better and in other places it is worse. The difference
between the formulas tends to diminish as t increases from zero,
to one, to two. In fact, introducing accident history into the
formula seems to overpower many other factors. Perhaps it could
turn out that a very simple basic formula with accident history
would be sufficiently accurate to be used in place of the more
complicated basic function with accident history. The advantage
of this would be simpler calculations and shorter tables. A con-
jecture could be offered that perhaps accident history combined
only with volume variables will produce a sufficiently accurate
formula because the information in the non-volume variables might
be adequately represented by accident history.

These results also demonstrate the somewhat surprising fact
that power factors for combined classes can be greater, for any
fixed percentage of crossings, than for any of the individual
classes.

An academic example which illustrates this phenomenon is the
following. Consider twelve crossings: four are passive, denoted
as Xl, XZ’ X3, X4; four are flashing light crossings denoted as
Yl, YZ, Y3, Y4; and four are gate crossings, denoted as 21, Zz,
23, 24. These crossings are listed in rank order on the

following page.

18



Passive Flashing Lights Gates
1D H A 1D H A ID H A
Xl .52 0 Y1 1,02 1 Z1 .27 0
Xz .51 0 Y, 1.01 1 ZZ .26 0
X3 .49 1 Y3 .99 1 Z3 .24 0
Xy .48 1 Y, 98] 1 Zy .23 1

Here H denotes the predicted accidents per year and A denotes the

number of accidents occurring in the given test year. The combined

set of crossings, when rank ordered, are:

Combined
1D H A
Yl 1.02 1
Y, 1.01 1
Yz .99 1
Y, .98 1
Xl .52 0
Xz .51 0
Xz .49 1
Xy .48 1
Z1 .27 0
Z,y .26 0
Zg .24 0
24 .23 1
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The power factors for three percentage levels for each class

and for the combined class are:

Percent Flashing
of Crossings Passive (Xi) Lights (Yi) Gates (Zi) Combined
25 0 1 0 1.7 .
50 0 1 0 1.14
75 .67 1 0 1.14
100 1 1 1 1

This illustrates that the combined power factors are higher

than they are for the individual classes.
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5. FORMULA DEVELOPMENT

The basic technique used for accident prediction formula de-
velopment is the one expounded in the Mengert report.1 To rccall,
the steps are:

1. Use an iterated non-linear logit regression to fit a best volume
equation.

2. Check the adequacy of the volume equation with the selection
regression.

3. If there is some doubt concerning which of two volume equations
is better, compare them using power factors and prediction
factors.

4, With a final volume equation in hand, use a selection regres-
sion to chose the non-voiume variables to use.

5. Fit a best comprehensive equation using iterated non-linear
regression.

6. Test best comprehensive equation using power factors and pre-

diction factors.

5.1 DATA SETS

All the regressions referred to above were calculated on data
set A, while the power factors were calculated on both data set A
and data set B with important decisions being made chiefly for the
results on data set B. These two data bases were constructed

2

similarly to those described in the Mengert report. Data sets A and

B are disjoint and of equal size. Both are comprised of a random

1Mengert, P., Op. Cit.

21bid.
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sample of records from the crossing inventory as of August 1976
and all linked records from the accident data for 1976. Each
a;cident record in 1976 which could be linked with the inventory
dgs represented by the inventory record of the crossing at which it
occurred plus a field indicating an accident record. Each record
sampled from the inventory was represented by the inventory record
plus the accident field which in this case indicates a crossing
record (i.e., '"no accident'"). Data sets A and B were finally broken
down into 3 sub-data sets each: crossbucks, flashing lights, and
gates. The records in the crossbucks' data sets were sampled uni-
formly at random from warning device class 4. The records in the
flashing lights' data base came from class 5, while the records in
the gates' data base came from class 8. The total accident and non-
accident records in each sub-data set of A and B are given in Table
5-1. 1In it will be noticed that approximately 11% of the accident
records for 1976 are not used in data sets A and B. The 11% re-
presents the fraction for which inventory records could not be
obtained by matching crossing, I.D.'s, i.e. linking was impossible
due to faulty I.D.'s. The two data sets are almost exactly equal
in size and in distribution of records over the categories deter-
mined by warning device class (the three nominal classes dealt
with here) and accidents/non-accidents. The total number of records
in the original base from which the sample data base was drawn
are also shown.

The sampling ratio is seen to be different for every category.
For example, for crossbucks - accident - data base A, the sampling
ratio is 5639/2442%2.3, i.e., about one record in 2.3 of the 1976
full accident data base which has a warning device class 1, 4
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TABLE 5-1. COMPOSITION OF DATA SETS

COMPOSITION OF CROSSBUCKS DATA SETS

NON- TOTAL
ACCIDENT ACCIDENT D.B.
1976 Total 5,639% 141,477%
Data Set A 2,442 28,296 30,738
Data Set B 2,442 28,296 30,738

COMPOSITION OF FLASHING LIGHTS DATA SETS

NON- TOTAL
ACCIDENT ACCIDENT D.B.
1976 Total 3,8421 33,9692
Data Set A 1,747 13,588 15,335
Data Set B 1.747 13,588 15,335

COMPOSITION OF GATES DATA SETS

NON- TOTAL
ACCIDENT ACCI DENT D.B.
1976 Total 929! 11,9832
Data Set A 427 3,595 4,022
Data Set B 428 3,595 4,023

IRail-Highway Grade Crossing Accidents/Incidents Bulletin (1976),
p- 7.

2Summary Statistics of the National Railroad-Highway Inventory for
Public At-Grade Crossings, June 1977, Page 3-57.
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appears in data base A. For crossbucks - non-accident - data base
A, the sampling ratio is 141477/28296 = 5:1.
The sampling ratios were based on experience reported in the

Mengert report.1

The basic idea was to have the same or slightly
more non-accident crossings than accident crossings in the high
hazard categories in all sub-data bases, to limit the number

of non-accident records to allow for more efficient processing.

5.2 CROSSBUCK EQUATIONS

Formula development proceded as follows. First the develop-
ment of the crossbucks equation is discussed. It had been observed
that exposure equations, i.e., accident prediction formulas based
on vehicular volume times train volume have power factors almost
~ as good as volume equations of general functional form. It there-
fore seemed appropriate to attempt to develop a comprehensive
accident prediction formula based on an exposure equation as this
would presumably perform about as well as one based on a more
general volume equation and be much simpler to use. The equation,
being simple, might be expected to show more stability over time.

Let X be defined by:

X = loglo(C « T+ 0.2),
where
C = vehicles/day,
and
T = total number of trains/day.

The quantity C - T will be called exposure while X may be referred

to loosely as log (exposure). Notice that 0.2 is added to C * T

1Mengert, P., Op. Cit.
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before taking the logarithm in order to avoid an undefined value
for X when C is 0 or T is 0. Denoting the value of the accident
prediction formula by h, a general "exposure accident prediction
equation" will be of the form h = £, (C - T) or h= fZ(X), where
f, and f, are arbitrary functions. Almost as general would be h
= ezy, where
Y = a, + agX + apX2 + AgX3 + ...+ apXh,

where n is arbitrary.

If more than the first two terms must be used, then perhaps
a more general volume equation should be entertained. In any event,

the simplest equation and the one to be tried first is:

Y = aq +a1X

5.2.1 Crossbucks Exposure Equation

The coefficients of this equation were calibrated using the
iterated non-linear regression1 with data set A (Crossbucks
subset). The results are given in Table 5-2 (refer to crossbucks
case only). Note that the constant ag is of no generalizable signifi-
cance and is determined by the relative sampling ratios of the cross-
ing inventory and the accident data base in the working data set,
i.e., data set A. It is only ay that is of significance. The equa-

tion is equivalent to

h = Clez logloe ay loge (C-T+0.2)

=C, (C - T+0.2)C

1
where C, and C, are constants. C, = 1 would give essentially the
New Hampshire formula. C, = .18 would give a formula very similar
to the Peabody-Dimmick formula. The value C, determined here is
approximately 0.44. As can be determined from the corresponding

IMengert, P., Op. Cit.
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TABLE 5-2, EXPOSURE FORMULA FOR CROSSBUCKS, FLASHING LIGHTS,
AND GATES (UNNORMALIZED)*

h = eZy

y = a, + ajlog;, (C+ T+ 0.2)

CROSSBUCKS :

aa = -2.7151 0.5069

a1

FLASHING LIGHTS:

aa = -3,4297 a 0.5702

GATES :
aa = -3,3230 a, = 0.4760

*§ince these formulas are normalized for the sampled data base and
not the national experience these values of ap should not be used
for true normalization. See Sec. 5.5 below for normalization
information.

values for other warning device classes below, the exponent should

be between .4 and .5 for all warning device classes.

5.2.2 Crossbucks Volume Equation

To simplify the search for the best equation, it was decided
to use this simplest exposure equation as a basis and to determine,
using a selection regression, which other volume variables would
potentially contribute most if included in the equation. The
selection regression is for just such a purpose as described in the

Mengert report.1

It takes, as input, a basic equation specifica-
tion and a 1list of variables to be tested and then selects those

that will potentially contribute the most prediction power when

1Mengert, P., Op. Cit.
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included with the basic equation into a comprehensive equation to
be calibrated by iterative non-linear regression.
The variables used in the selection regression were:
logyo(T + 0.2)
log,o(C + 0.2)
log10 (C+ 0.2). log10 (T + 0.2)
(logy (T + 0.2))2
(log 10 (C + 0.2))2
The variables selected on the basis of t values greater than 4 were
logyo(T + 0.2), logyy (C + 0.2) and (log;o(T + 0.2))%. (See Table
5-3.)
A volume equation of the form:

Y = ag *+ a, loglo(T + 0.2) + a, log10 (C+ 0.2))

+ ag(log, o(T + 0.2))7
was calibrated using iterative non-linear regression. The resulting
coefficients are shown in Table 5-4. Again it should be pointed
out that the coefficient a is of no significance.

Power factors and prediction factors were produced using the
simple exposure equation and the more complex volume equation.
These power factors and prediction factors were determined using
both data set A and data set B (both limited to subset crossbucks
as the crossbucks equations are being tested). The results are in
Tables 5-5 and 5-6. (Refer to Exposure Equation and Volume
Equation only.)

It is seen that the power factors and prediction factors are
somewhat better for the more complex volume equation than for the

more simple exposure equation. The results on data set A do not
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TABLE 5-3. VARIABLES CONSIDEREDN FOR VOLUME EQUATIONS

(Crossbucks, Flashing Lights, and Gates) (Used in a selection regres-

sion based on the exposure equation)

logyy (C + 0.2)*
10g,5 (T + 0.2)*
loglo(C +0.2) - log10 (T + 0.2)
(logyo (C + 0.2))2
2* *%
(loglo (T + 0-2) ’

*Variables selected for crossbucks volume equation.
**This variable used in crossbucks case only.

TABLE 5-4. VOLUME EQUATION FOR CROSSBUCKS

h = eZy

~<
u

ag + ajlegyo(C + 0.2) + a,log,q(T + 0.2)
+ ag(logyo(T + 0.2))°

aa = -2,7989
a, = 0.4587
a, = 0.8138
az = -0.0611

*Note that a, does not refer to national experience and so must not
be used as grue normalization (See Section 5.5)
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count as much as those on data set B, since the equations are cali-

brated on data set A, and the more complex equation having more

degrees of freedom will perform better on that data set for that

reason alone. The results on data set B, however, suggest that the

volume equation is slightly superior in performance to the exposure

equation., However, it was decided that the exposure equation should

form the basis of the further development of the comprehensive

formula. This decision was based on the following considerations.

1.

The simplicity of the exposure equation will enhance its use-
ability and perhaps its ready acceptance by the community of
users.,
A more complex TSC volume equation is already available,
When worked into a comprehensive equation any slight short-
comings will be partially compensated for. In other words,
a comprehensive equation based on the exposure equation should
be more nearly equivalent (in power factors and prediction
factors) to one based on the volume equation than the basic
equations are to each other.
When the comprehensive model is used as the basis of an accident
history equation, slight differences in performance characteris-
tics of the basic equation are nearly obliterated. This effect
is dramatic and is illustrated in Part II.

This is perhaps the most forceful reason.
Exposure equations were found to be as good as more complex vol-
ume equations for flashing lights and gates (see 5.3.1 and 5.4).
A simpler equation has a natural presumptive transferability
advantage. It may be presumed that it will withstand changes

in the underlying conditions to which it applies (passage of
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time, specialization of region of applicability to one state,
etc.) more readily because it is less specifically calibrated
to the data base at hand. Because the data bases are large
and the equation simple, this may not be a large effect.
For the above stated reasons, the exposure equation was used as
the basis for further development of a comprehensive equation for
the crossbucks case.

5.2.3 Crossbuck Case Comprehensive Equation

The variables which were considered for inclusion in the
crossbucks comprehensive equation are shown in Table 5-7. A
selection regression was run using the exposure equation described
above as the basis. The variables that were chosen by the selection

regression are shown in Table 5-8. (They are referred to there as

1’ 2’ x3’ X4’

a strong statistical likelihood that the variables will make a

X,, X X5 and X6.) All t values were over 4, indicating

significant improvement in the predictive power of the equation

when combined with the basic exposure equation.

TABLE 5-7. NON-VOLUME VARIABLES CONSIDERED FOR COMPREYENSIVE
EQUATIONS

(Crossbucks, Flashing Lights, and Gates) (Variables used in selec-

tion regression based on the exposure equation.)

Number of main tracks

Is highway paved?

Number of highway lanes
Population

Highway type

Day thru trains

Minimum crossing angle

Max timetable speed

Nearby intersecting highway
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TABLE 5-8.

COMPREHENSIVE EQUATION FOR CROSSBUCKS (UNNORMALI ZED)

y = ao + ax + alxl 'I-azxz + a3X3 + a4X4 + asxs
where,

X = loglo(C-T + 0.2)

X, = loglo(D + 0,2)

x, = Highway Paved? (Y=1, N=2)

Xz = Population (10's digit of functional classification
of road)

X4 = Max train speed

xg = Number of main tracks

xg = Highway type (units digit of functional classification
of road)

36 = 2.003

a = 0,3839

a, = 0.1538

a, = -0.3080

az = 0.0511

ay = 0.0039

as = 0.1047

ag = 0.0500

*Note that normalization should be altered as explained in Sec. 5.3.
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The variables that were chosen using the selection regression
were then used to form a '"comprehensive equation'" for the cross-

bucks case. The form of a comprehensive equation is

where

y = aX + a +a1Xl +a2X2 + .0 .
and where X is the log (exposure), i.e., X = loglo (C. T+ 0.2),
a,a;,a;,. . . are constants to be calibrated and Xl’ Xo o« oy
are the non-volume variables, i.e., the variables, listed in Table
5-8. The constants ap,ap,a,, are determined by iterated non-linear
regression. The resulting equation is exhibited in Table 5-8.
The power factors and prediction factors for this equation are
exhibited in Tables 5-5 and 5-6 which refer to data set A and
data set B respectively. The results on data set B are perhaps
more reliable as the equation was calibrated on data set A. The
equation exhibited in Table 5-8, is, except for normalization (see
Sec. 5.5) the final comprehensive crossbucks equation developed
during this phase, and its performance on a larger data set, the
entire inventory and all 1978 accidents, is examined in Section 4
together with a comparison with the performance of the earlier com-

prehensive equation.l
5.3 FLASHING LIGHTS EQUATIONS

5.3.1 Flashing Lights Exposure Equations

The development was similar to the crossbucks case. First

a simple exposure equation was constructed, i.e., one of the form:

h = e2

1Mengert, P., Op. Cit.
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where

~<
0

alx + ag,
and

X

loglo(C « T+ 0.2).

The results are given in Table 5-2. Again notice that a
should not be regarded as having generalizable significance as
it is determined by the sampling ratio of accident records to
crossing records in the data set. Next a selection regression was
run to test if any volume variables had potential to improve the
equation when added to the exposure term X. The variable list
for this selection regression is given in Table 5-3. The result
of the selection regression was that no volume variable was
selected. The variable 'log trains'" was the variable chosen as of
most potential contribution to a voluue equation on the basis of t
value but its t value was 1.15, entirely too small for consideration.
Therefore, no volume equation of more complexity than the simple
exposure equation was constructed. The comprehensive equation would

be based on the sample exposure equation only.

5.3.2 Flashing Lights Comprehensive Equations

The 1list of non-volume variables to be considered for inclu-
sion in the comprehensive equation for flashing lights is given in
Table 5-7. The variables which had t values greater than 4.0 were
chosen for inclusion in the comprehensive equation. With these
variables, a comprehensive flashing lights equation was calibrated
using iterated non-linear regression. The results are given in
Table 5-9 (again no significance should be attached to the value

of ao).
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TABLE 5-9. COMPREHENSIVE EQUATION FOR FLASHING LIGHTS (UNNORMALIZED)

h = ezy
= +

y ag +aXx + a;X; + a;X, + azXs a4x4’

where
X = loglO(C « T+ 0.2)

= loglo(D + 0.2)
X, = number of main tracks
x3 = number of highway lanes

X4 = population (see Sec. 2 for code),

and
* = _
ag = 2.647
a = 0.3400
a; = 0.0541
a, = 0.0544
az = 0.0690
ay = 0.0203

*Note that normalization should be altered as explained in Sec. 5.5.
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The prediction factors and power factors for this equation
using data set A and data set B, are shown in Tables 5-10 and 5-11
respectively. The prediction factors and power factors for the
flashing lights exposure equation are given in those tables for
comparison. Comparisons of the performance of the flashing lights
comprehensive equation are given in Section 4. See Section 5.5

below for equation normalization.

5.4 AUTOMATIC GATES EQUATIONS
The development of an exposure equation and a comprehensive
equation for gates was exactly analogous to the flashing lights
case. A simple exposure equation was developed and through the
use of a selection regression using volume variables, the exposure
equation was deemed adequate. The exposure equation was (See Table
2Y

5-2 ) h = e¢“", where Y = ag *+ A1

in this case a, = -3.323 and a, = 0.4760 (again note that a,

X, with X = loglo(C-T + 0.2) and

has no significance in general being a result of the sampling
ratio). The power factors and prediction factors for this equa-
tion are given in Table 5-12.

Using the exposure equation as the basis, a selection regres-
sion was run, using the variables in Table 5-7.

Only the variable '"number of main tracks', was selected for
inclusion in the comprehensive equation. When the equation was
produced on data set A and compared (using 1978 accidents) with the
gate equation from the Mengert report,1 it had somewhat poorer
performance. The apparent reason was that the data set for gates

was too small for good accuracy. The decision was to use both the

tMengert, P., Op. Cit.
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TABLE 5-10.

POWER FACTORS AND PREDICTION FACTORS FOR FLASHING

LIGHTS EQUATIONS ON DATA SET A

Percent
of .Exposure Equations Comprehensive Equations
Crossings Pow. Fac. Pre. Fac. Pow. Fac. Pre. Fac.
0.5 5.04 .77 7.87 1.53
1.0 4.41 .78 6.18 1.42
2.0 4,38 .90 5.75 1.53
3.0 4.75 1.07 5.11 1.48
5.0 4,00 1.02 3.97 1.29
10.0 3.07 .96 3.23 1.24
TABLE 5-11. POWER FACTORS AND PREDICTION FACTORS FOR FLASHING
LIGHTS EQUATIONS ON DATA SET B
Percent
of Exposure Equations Comprehensive Equations
Crossings Pow. Fac. Pre. Fac. Pow. Fac. Pre. Fac.
0.5 4,81 0.72 5.50 1.06
1.0 4,12 0.71 5.15 1.14
2.0 4,29 0.86 5.07 1.29
3.0 4.18 0.92 4.67 1.31
5.0 3.97 1.00 3.85 1.21
10.0 3.24 1.00 3.40 1.33
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TABLE 5-12. POWER FACTORS AND PREDICTION FACTORS FOR GATES
EXPOSURE EQUATIONS ON DATA SET B
Percent
of Exposure Equations
Crossings Pow. Fac. Pre. Fac.
0.5 1,87 0.43
1.0 2.34 0.59
2.0 3.04 0.85
3.0 3.58 1.07
5.0 3.22 1,08
10.0 2.66 1.04

These variables were the non-volume variables in the previous

equation.1 The resulting comprehensive equation is given in

Table 5-13. Its performance is examined in Section 4.

TABLE 5-13. COMPREHENSIVE EQUATION FOR GATES
h = Y
Y = ao + ax + alxl + azxz
where

X = loglo(C « T +0.2)

X, = number of main tracks

x, = number of highway lanes

and

ag = -3.2096 a; = .1456

a = ,3588 a, = .0518

1Mengert, P., Op. Cit., p. B-7.
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variable, "number of main tracks," and the variable, 'number of

highway lanes."

5.5 NORMALIZATION OF THE EQUATIONS

Since in each equation the value of a, was not appropriate to
the full national sample (but was artifically controlled for ef-
ficiency in equation calibration), it was necessary to determine
a by normalization. The year 1977 was chosen for normalization.
The value of ag» for each comprehensive equation was chosen so that
the sum of the accident prediction formula values, h, summed over
all crossings in each major category (there were three major
categories) would equal the total number of accidents during that
year (1977) at those crossings. Incorporating those values in the
equations leads to the following final comprehensive equation shown
in Section 2.

Approximate normalizations for the intermediate equations
developed and described in this section can be determined from
the sampling ratios. The equations reported on may then be used
with the a; values given provided they are multiplied by the
normalization factors given in Table 5-14. These equations are
not being proposed for general use; but for completeness, the
normalizing factors are calculated. Note that the normalizing
factor in each case is calculated from numbers given in Table 5-1.
The rule is:

h h

corrected =~ "'Data Set AT

where r is the normalizing factor in Table 5-14 and r is given by
Nc n.
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where NA = number of accidents in 1976 occurring at crossings of
the given warning device class
NC = number of records corresponding to the given warning
device class in the 1976 inventory
n, = number of accident records for the given warning
device class in Data Set A
n, = number of crossing (non-accident) records for the

given warning device class in Data Set A.

TABLE 5-14. NORMALIZATION FACTORS FOR EQUATIONS DEVELOPED ON DATA

SET A
hcorrected =T huncorrected
CROSSBUCKS :
_ 5639 | 28,206 _ ,c,
2||2 ’
'FLASHING LIGHTS:
_ 3842 | 13,588 _
T =77 C 33ggg - - 880
GATES :
_ 929 3595 _
T T 377 TI,983 - -093
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6. CONCLUSIONS

The new accident prediction formula, developed with 1976
accident data instead of 1975 accident data, has essentially the
same accuracy as the old, more complicated formula.1
Using exposure as the volume variable has proven successful. The
non-volume variables are quite similar to those in the old formula.
The only new variable is maximum timetable train speed, which
enters into the equation for passive crossings. The only deletion
is "highway type'" which drops out of the flashing light equation.
Adding accident history to the formula also produces the same
accuracy as adding accident history to the old formula.

Although exposure with non-volume terms produces a formula
with the same accuracy as the old formula, the results show that
the exposure formula itself, without non-volume terms, is somewhat
less accurate for crossbuck crossings than a more general volume
formula by itself.

Overall, the integrity of the old formula has been corrobora-

ted. The only advantage of the new formula is simplicity.

lMengert, P., Op. Cit., P. B-7.
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Part II - Accident Prediction Formula with Accident History
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7. INTRODUCTION

A new accident prediction formula has been developed which
uses accident history as an explicit factor. With this new
formula, the predicted accident rate at any given crossing is a
weighted sum of the basic predicted accident rate and the
observed accident rate. The "basic predicted accident rate" is
the value calculated by the formula without accident history.1
The weights are functions of this basic predicted accident rate.

Section 8, 9, and 10 give the results of the analysis and the
computer calculations. This consists of a search for the optimum
coefficients, the calculation of the performance of the new
formula, and tables for convenient and quick calculations.

Section 5 discusses the derivation of the accident history
equation. This derivation is based upon Bayesian theory, and
assumes that the accident rate at a crossing is a random variable
satisfying a gamma distribution. The quantity of interest,
predicted accident frequency, is then the expected value of this
variable, and the expectation that is conditional on the number

of accidents observed in any given time period is calculated.

1Mengert, P., Op. Cit., p. B-7
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8. SEARCH FOR OPTIMUM t

The accident prediction formula with accident history in-
cluded as an explicit factor is derived in Section 5. The result
is
t
+

0 o t

n
t
where: h = Basic accident prediction formula which does not
use accident history. Calculated values are predicted
accidents per year.
t = Number of years of accident history. Need not be an
integer.
n = number of accidents in t years.
H = Corrected value of predicted accidents per year with
n accidents in t years.
The quantity t, is a function of h and is of the form
t, = A/ (B+h). The parameters A and B were determined by an
exhaustive trial-and-error search, with power factors and pre-
diction factors being the criteria of performance. The basic
accident prediction formula h, without accident history, is the
one derived by Mengert1 using 1975 accident data.
Tables 8-1 through 8-5 show the results of this search for

different values of A and B. Table 8-1 gives the results for cross-

buck crossings (warning device class 4), which uses the passive

1
Mengert, Op. Cit., p. B-7
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equation of the accident prediction formula for determining h.
Because of the large amount of computer time involved in these
calculations, a 25 percent sample of the crossings (with 100
percent of accidents) was used. The August 1976 inventory was
used. These results are available for increments of 0.25 percent
of crossings, but the 7 values of percent of crossings given in
the tables are representative of all the results. This trial-
and-error search is based mainly on one year of accident history,
although two computations were made for two years as seen in the
bottom two lines of the table.

Tables 8-2 and 8-3 are similar to Table 8-1, but the former
is for flashing light crossings (Warning Device Class 7) and the
latter is for gate crossings (Warning Device Class 8). The
values of h are determined by the corresponding equations of the
accident prediction formula. Since these sets of crossings are
much smaller than the crossbuck crossings, 50 percent samples of
the crossings (with 100 percent of the accidents) were used.

Table 8-4 uses the May 1978 inventory and applies to all
crossbuck crossings, all flashing light crossings, and all gate
crossings, respectively. This table compares A = 0.7, B = 0.05
with A = 1.0, B = 0.05.

Table 8-5 applies to the entire May 1978 inventory, consist-
ing of all eight warning device classes. In evaluating these re-
sults, it appears that performance is relatively insensitive

to values of A and B. Upon close scrutiny, it was decided that

the cases A= 0.7, B = 0.05 and A =1.0, B 0.05 were the best,
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overall, This is based on a comparison of these data using a
considerable amount of judgment. Tables 8-4 and 8-5 show that
these two cases are quite close when using all the crossings.
Perhaps A = 0.7, B = 0.05 is slightly better in power factors for
small percentages of crossings, but A = 1.0, B = 0.05 is slightly
better in power factors for higher percentages of crossings and
is slightly better overall in prediction factors. The conclu-
sion is that the case A = 1.0, B = 0.05 gives the best results,
but not by a wide margin.

It is important to note that A = 1.0, B = 0.05 is considered
the best model for all three groups of crossings. It might have
been expected that different accident history models would be
best - one for each of the three equations in the accident pre-
diction formula. Of course, considerable simplicity is achieved
by having to work with only one accident history model.

Comparing Table 8-4 with Table 8-5 provides an example of the
interesting phenomenon of combined classes giving better power
factors than any of the individual classes of crossings. This

phenomenon is discussed in Section 4.
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9. PERFORMANCE AS A FUNCTION OF t

The performance of the accident history accident prediction
formula is given in Table 9-1 as a function of percent of cross-
ings and number of years of accident history (t), with t, = 1.0/
(0.05 + h). The same reuslts for power factors are shown graphi-
cally in Figure 9-1. At his writing (May 1980) only four years
of accident history are available. Since one year is needed for
testing, the results are given for t = 0, 1, 2, 3.

The power factors are seen to increase with t as expected.
The greatest amount of improvement is from t = 0 to t = 1, with
diminishing increments of improvement occurring for higher values
of t. At 0.25 percent of crossings, for t = 1 the increase is 71
percent whereas for t = 3 the increase goes up only to 84 percent.
For t > 3, it would appear that accident history contributes
progressively smaller amounts of information in determining
relative accident rates. This conjecture could be tested when
future accident data becomes available. Accident history is most
effective for small values of percent of crossings - which means
it is most effective for the high accident rate crossings. This
is seen by the increase in power factor expressed as a percent-
age increase over the case t = 0. The percentage increase is
a monotonic decreasing function of percent of the crossings. For
t =1, at 0.25 percent of crossings the increase is 71 percent,
whereas at 10 percent of crossings the increase drops to only

8 percent.
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~ 0.25%
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YEARS OF ACCIDENT HISTORY (t)

NOTE: The percentages above the curves are percentages of crossings

FIGURE 9-1. IMPROVEMENT DUE TO ACCIDENT HISTORY
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The prediction factors show a significant improvement for
t = 1 but no improvement for higher values of t. The percentage
improvement of prediction factor is also greatest for small values
of percent of crossings.

One caveat must be noted in presenting these power factor
and prediction factor performance results. No allowance has been
made for crossings having been upgraded since January 1975.
In such a case, the formula should ideally use t and n that apply
since the upgrade. However, the good performance obtained here
is valid even though the formula is used in this less-than-perfect
manner. The reason for not incorporating upgrade situations is
simply due to data processing expediency. If upgrades are taken
into account and the formula correctly ﬁsed, an improved per-
formance could be conjectured. It is expected that this addi-
tional performance will be determined in the near future as up-

grade dates are incorporated into the TSC data files.
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10. ACCIDENT HISTORY TABLES

To determine the predicted number of accidents per year for
any given crossing, Tables 10-1 through 10-4 can be conveniently
used instead of the formula. This is a two-dimensional table which
gives the predicted accident rate H for any given value of h
determined without accident history, and for any number of acci-
dents n, with t given. These four tables are for t =1, 2, 3, 4,
respectively. If t contains a fraction, the H could be inter-
polated from the tables, or the formula could be used directly.

In all probability, it would be sensible to use all the accident
history available, and at this writing (May 1980) four years are
available. However, there may be cases where less than four
years of accident history is known or where it is advisable to
use less than four years such as for a recent warning device
upgrade.

The values of h and n are listed at the left and top of the
tables, respectively. Thus, if h = 0.05 and n = 5, with t = 4, the
accident prediction index is H = 0.393. Note that the following
properties show the interrelationship of H, h, and n/t:

H < h for h > n/t,
H > h for h < n/t,
H

h for h = n/t.
Note also that H for n = 0 is not the same as h. In fact H < h

for positive h, n = 0.

56




962°Y
44 L4S°E
ey Soeg 6S8°¢C
1534 & 4 -1 A Teges iz
640°Y L4 4 A8 veses os0:z L
6v6°¢ YvE'E v12°2 290°2C prt is9°0 s
L8 88Z°¢t 2¢e9°e 002 vy s 3
008°f g8Zz°'t 2292 000°2 ozs 1 2990 o
VA PAX o1 645°2 996°t cose T o530 s
et 0z0:¢ FA CAX 4 &v8°t [T AN ¢ cE9°0 06°T
e 6£6:Z LYE2 v08°t 922"t 819°0 08°t
981I°¢E 96L°2 22 GGL°T 96T°1T 404 051
i sseie Lz 202°T £91°Y 88S°0 09°t
cso's £es:2 vZo°'z 18S°t 680°T £GS°0 ov°t
£vS°2 0¢z°2 £26°T eyt 001 g i
£EE°C vIT°Z 118°¥ Tomet oz o 3
g IR 989°1 ) 27 0 &6v6°0 88y °o0 (1) &4 ¢
Zso's se 1 SHS°1 VAT AR c68°0 rA-4 Ad1) 00°T
8 i 881 2£0°t 8G2°0 oov°o0 08°0
£eoto 809.9 8L4V°0 09G°0 I8v°0 9LZ°0 0S°0
865°0 1£G°0 VA AL A4 Ziz-o o &
0S5°0 T6%°0 ?Iv°0 Toteo z0z0 e i
86£°0 L9E°0 8I£°0 =204 ss1°o e i
9%£°0 ¥ZE°0 +¥8Z°0 £22°0 =04 vs0°0 i
z262°0 08Z°0 0SZ°0 2020 arree svo"0 2
2ie's 08z:0 G1Z2°'0 9LT°0 61T°0 Sv0°0 90°0
06T°0 641°0 0ST°*0 2o0t1°0 20+0 R
R ost-0 v80°0 820°0 v0°0
£2io v80:0 610°0 £0°0
S 8v0°0 coaed 100
Q 000°0 00+0
M 00°0
4
T
) 0
Y

(1=3)
X401SI
H LN3a
IJDV 9
N
ISn ILVY NOILDIQd
dd IN3T
aIoov
1-01 1
14VL

57



[ 472 k4% 2% 816°c 00S°2C [4:1 A4 v99°t vec t 8e8°o0 (124 A1) 0s°2C
62L°E vig*e 868°C £8v°¢c 8%90°¢C £S9°T [AXAd ¢ [44: 0] L0v°0 ov*e
cosLE é68c°t aL8°c Sovee £S0°¢C ov9°t gce*t 918°0 vYov°o og°*e
£L9°F voce gs8°e 11 4 A4 9£0°¢C £L29°t gic°'t 608°0 oov°o oc°¢c
[4 4 A% 9gCc°E og8°e geve 610°C £19°T goc°t c08°0 96£°0 ot°ec
809°¢t 90c°t vo8°¢c cov°e 000°¢C 86S°T ?61°T v6L°0 c6£°0 00°¢C
14S°E g£l1°e 9LLC 8slg°¢c 086°t c8es°t vttt 98L°0 88g°0 06°T
cES°e 8EI°E SveLce 1§34 £S6°T v9S°1 (1 V2 O ¢ LeLLco £8£°0 08°t
68v°g 00t°tg |2 Y%A ceee ££6°T vvS°t 9STI°t L9L°0 84£°0 0oLt
[4 4 A% 850°¢t | 74 Ak4 162°C L06°T £2S°t ovI°t 9SL°0 cLL°0 09°t
06FE°E cro°g ve9°e 9Sc°¢ 848°t 00S°T [AA S ¢ vvL°0 99£°0 0S°t
£F£L°E c96°¢ 06S°C -] YAX 4 v8° T bivet £0T°T I£L°0 6SE°0 ov°'t
[\ TZ A% % S06°¢C IvS°e 9L1°C 118°T vt 180°T ?1L°0 IS£°0 (11204 ¢
1 [ TAS g£vee 98v°C [- YA S 4 TLL°T vivet LS0°T 00L°0 gveo oc*'t
ICi°E g£LL°C vevee 9L0°C LeLt [ YA ¢ 0£0°T c89°0 ££L°0 (1] S ¢
[A X1 28 vé69°c gsee 910°C L9t (333 M ¢ 000°T 199°0 24 ) 00°?T
1£6°C £09°¢C 9LZ°C 8vé°t 129°1 £62°1 996°0 8£9°0 0I£°0 06°0
(4 4: 24 005°¢C (-] &4 048°t 9SS° T Ive't 926°0 119°0 962°0 08°0
089°2C 08g°c 080°¢C 08s°t [11:1 A ¢ 0o8I°t 088°0 08S°0 08c°0 0L°0
cese égecee £S6°T [ ZA AN ¢ T6£°T 601°T 928°0 £vS°0 192°0 09°0
g£eeee 1L0°C oI8°t 8vS°t 982°t vZo°t c9L°0 00S°0 =} A ] 0S°0
(1) &4 898°t [A N A ¢ Sé6g°T 8StI°T 126°0 v89°0 [A 4 Ad] T1c°o ov°0
vZe°'t 819°t civ°t 90C°t 000°T v6L°0 885°0 c8Lo 9LT°0 0£°0
9%t 00LE°T ££I°T £96°0 008°0 ££9°0 L9%°0 00£°0 ££1°0 (L TAL
000°T ses*o 69L°0 vS9°0 8£S°0 j 24 2] 80g°0 c61°0 £40°0 0T1°0
Sv6°0 9£8°0 £2L°0 L19°0 80S°0 86£°0 682°0 08t1°0 040°0 60°0
688°0 98L°0 £89°0 64S5°0 9LY°0 £4£°0 0sc°0 £91°0 £90°0 80°0
1£8°0 veL0 LE9°0 ovS°o 144 4d ] LYve*0 0sc°o £S1°0 9S0°0 £0°0
04L°0 089°0 065°0 00S°0 (124 Ad+) (17404 ] ogc°0 6£1°0 6v0°0 90°0
80L°0 SZ9°0 cvsS°o 8sv°o (74 941) c62°0 80c°0 Sct°o cvo°o S0°0
vYv9°0 895°0 c6v°0 SIv°o 6£L°0 £92°0 981°0 oTt1°0 v£0°0 v0°0
845°0 60S5°0 ovv°o TLE°0 coE°0 ££C°0 v9t1°0 S60°0 920°0 £0°0
60S°0 IA4 2] 98£°0 seeo £92°0 coc°o ovi°o 6L40°0 810°0 c0°0
8EV°0 v8g°0 ogL*0 LLeco | XA AL ] 041°0 ?I1°0 £90°0 600°0 10°0
v9g°0 8I£°0 £L2°0 £Lee°o c8t°o 9£1°0 160°0 Svo0°0 000°0 00°0
8 L 9 S p < z I 0 y
u
(2=3) AYOLSIH INIAIDOV ONISN FLVY NOILDIQI¥d INIAIDIOV °"Z-0T IT4VL

58



a8t CES°E LL2°F cvé6°e Lv9°2 23 4 850°¢C £9L°T 8ov°t £LT°T 648°0 v8S°0 682°0 0S¢
808°t SISt cee'e 826°C cg9c Iveee 8vo°c vSLt 134 A0 ¢ 891°t vi8°0 185°0 482°0 ov°¢e
68L°E L6Vv°E coc°g £16°C 129°C [-YA 4 L£0°C 1] 74 ¢ £GP T I91°1 0s8°0 845°0 982°0 og°¢e
89s°¢t v L81°t L68°C 909°¢C ?I£°C 920°¢C cgLt 1~ 4 A ¢ cst°t s98°0 vLS°0 v8c°0 oc°e
Svi‘e 9Sv°£ 891°¢t 648°C 16S°C cog°cC £10°C gzLt 122 Al ¢ 8vI°t 6S8°0 045°0 z8ec o ot1°2
[ TAA8 vEveg LYT°E 098°¢C £45°C L82°C 000°C £TL°T Laet ovt°t £58°0 99S°0 08Z°0 00°¢C
£69°E 60v°g vei'g 6£8°C GGC°¢ [ TaARA4 c86°T T0L°T ?Iv°t I£T°T Lv8°0 29S°0 LLeco 06°t
v99°t [4:} 20 660°E L418°C vesSe [ATAK4 696°1t L89°T sov°t [44 3 ¢ ov8°o LSS°0 SLeo 08°t
cE9°g (458 CL0°E céL°c ci1s°¢ cgee cS6°1t cL9°t cé6e°'t [A2 3 ¢ cg8°0 ¢SS0 cLeco [ VAN ¢
L6S°E 61E°E cvo°e S9L°C 8v°e ore e ££6°T SS9t 8L£°t T0T°T 1 £4: M) 9¢S°0 692°0 09°1
8GS°gE €82t 600°E cgLe o9v°c 981°C ci16°1 LE9°T £9€°T 880°T vi8°o0 orS°o g9C°0 0S°t
vis°g gvee cLé6°c 10L°C ogv°e 6St1°C 888°1 L19° vE°T SL0°T v08°0 ££S°0 c92°0 ov°Tt
sove 861°¢t 1£6°C £99°C 96£°C 62t1°C 198°1 vé6S°t ae't 6S0°T C6L°0 GZS°0 L52°0 (0] 20 ¢
124 A8 Lvicg ves°c 129°C 8sg°e €60°C [44: 3l ¢ 89St coE°T cvo°t 64L°0 ?1S°0 £SC°0 oc't
gsree 060°E 1£8°¢C £45°C sigee 950°¢C 864°T 6£S°T 18C°t cco°t v9L°0 905°0 Lveo otr°t
LLece vecoe ¥LL°2 81S°¢ g9c°c c10°c 6SL°T 90S°t £GC°T 000°T LvL*o vév°o veeo 00°T
G61°E 8vé°c 10L°C Ssvee 80c°¢c 196°T LA T2 89v°t 1ce't vL6°0 L2L°0 I8v°0 veeo 06°0
660°F 658°C 0zc9°e o8g°eC 114 3K~ 106°T c99°t 1 X4 A § £81°T vv6°0 v0L°0 Sov°o geceo 08°0
c86°¢ vseee ges e [T Ak c90°¢C 1g8°tT 009°t 69€°T 8EI°T 806°0 LL9°0 kA4 Al 1) T AN 0L°0
iv8°C La39°c L0v°C 981°C 996°1 VLT SZS°1 SoE°T S80°T v98°0 vv9°0 ver°o £0C°0 09°0
6L9°C civee vecee L50°¢C &v8°1 cvo°t (22 A ¢ 9cc°t 610°1 118°0 v09°0 96£°0 681°0 0S°0
89v°cC LLee c80°C vé68°1 (41 T2 ¢ T1S°T 61£°T :TA B ¢ 9£6°0 SvL°0 £G5°0 c9£°0 0sLt°0 ov°o
Sé61°C vco°c (£ 0 ¢ £89°T cis‘t IvE°T TLT°T 000°T 628°0 659°0 88v°0 LIE°0 ¢T°0 0£°0
628°1 989°1 g£vS° T oov°t LS2°1 vIT°T 146°0 628°0 989°0 £vS°0 oov°o LS2°0 v11°0 0c°o
[ ] 320 ¢ L02°1 £0T°T 000°T L68°0 £6L4°0 069°0 985°0 £8v°0 64£°0 9L2°0 cLt°0 690°0 01°0
vcet 8vi‘t 6v0°1T 156°0 2s8°0 ¥SL°0 SS9°0 9SS°0 85v°0 6SE°0 192°0 c91°0 £90°0 60°0
08I°T 980°T £66°0 668°0 908°0 crLo 619°0 Ses°o [44 Ao 8gL°0 svc°o IST°0 8S0°0 80°0
[ ]9 O ¢ cco°‘t vES6°0 v8°0 LSL°0 699°0 185°0 £6v°0 vov°o ?I£°0 geec°o ovi°o 1S0°0 £0°0
8£0°T CG6°0 cL8°0 68L°0 240L°0 vc9°o0 IS0 6Sv°0 9LE°O £6C°0 112°0 8ct°0 Sv0°0 90°0
c96°0 €880 808°0 I£L°0 vS9°0 L445°0 00S°0 gcveo vE°O 692°0 c6t1°0 SItT°0 8£0°0 S0°0
ceso 118°0 ovLco 699°0 86S°0 82s°0 LSv°0 98£°0 SIE°0 vvceo £41°0 c0t1°0 1£0°0 v0°0
86L°0 veLO 699°0 c09°0 ovS°o LY 0 IIv°0 LbE°O c8co 812°0 £ST°0 680°0 vco0°0 £0°0
T1L°0 £S9°0 C6S°0 L£S°0 (-Y4 A4 L ¥4 Al v9E°0 90£°0 8vc°o 061°0 CET°0 ©L0°0 £10°0 c0°0
619°0 89S°0 L1S°0 9v°0 114 Adv) v9g°0 vIE*O £92°0 [ YA 191°0 011°0 650°0 800°0 10°0
ccso 8Lv°0 SEV°O 16£°0 8ve°0 voE°0 192°0 L12°0 vLT°0 0€T°0 £80°0 £v0°0 000°0 00°0
A 11 0T 6 8 L 9 S v € l 1 0 4
(£-3) AYOLSIH LNIAIDOV INISA ILVI NOILDIAIYd INIQIDIV °“€-0T FTAVL

59



124 A8 £81°t SG6°C 8cee 00S°2C cLee Svo°c Z18°1 68S°1 c9E°t vET*T 906°0 649°0 ISv°0 | X AR 0S*cC
86L°E 1 7338 vvé6°c 81L°c T6v°C vezc L£0°C or8°t £8S°T 9SE°T (1320 B ¢ £06°0 9L9°0 .14 A4 cceo ov°c
ceg g 6ST°E ££6°C L0L°2 11:1 Ak ggee e 620°¢C £08°T LLS°t ISE°T sci°t 668°0 £49°0 Lov 0 12ec°0 og*e
0LE*E Sti‘te 0zé°c S69°C [ 74 A% 4 gveee 0co°c S6L°T 04S°T SvE°‘t octi‘t S68°0 049°0 Svv°o oce*o [\ TAX4
[ £5 204 OfT°E 906°C cg9°c 8sv°e vee*e 010°C 98L°T c9S°t 6EE°T STttt 168°0 £99°0 14 A 612°0 otr°¢c
LET°E vItre 168°C 899°cC L4 4 Ak gce e 000°C LeLt vSS°tT CEE°'T 601°T 988°0 £99°0 ovv°o L12°0 00°¢C
213208 460°E 174 : A 4 £69°¢C (44 Ak 4 ot e 686°1 L9L°t SvS°t vee*t cot°y 188°0 659°0 LEV O ?12°0 06°T
86c°t 4L0°E £58°C L£9°C L1v°e 961°C 9L6°T 9SL°T 9£S° 1 19 $ 20 ¢ S60°T SL8°0 SS9°0 SEv°o viceo 08°t
GLC°E 950°t L£8°C 619°C oov e 181°C Z96°t L4 ZA0 ¢ GcS°t 90£E°T 880°T 698°0 0S9°0 Igv°0 £12°0 oLt
0se°g ££0°E ?18°¢C 665°C [4:} g4 vot1°c Lvé6°t (2 WA ¢ £IS°T 962°%T 640°T c98°0 Sv9°0 T4 Ady) 112°0 09°t
cece's £00°E (4 -YAKA 9L5°C 19€°C £ 443K 1£6°T STL°t 00S°T (5T ¢ 690°1 vS8°0 6£9°0 vecvo 80c°0 0S°1
T61°g 8s6°C S9LC 1SS°¢C 8gLe°e gcte ci6°t 669°1 1411 A ¢ cLert 650°t 9v8°0 cg9°0 61Iv°0 ?0C°0 ov°'t
9S1°E Své°c veLee £2S°¢C £I£°C cot°¢c 168°1 089°t &9v°1t 8se°t L00°T 9£8°0 SC9°0 viveo £0C°0 (0120 ¢
L11°g 806°C 00s°C cév°e £82°¢C SL0°¢C L98°t 8s9°t osv°t cve 't ££0°T 14 o) L19°0 8ov° 0 00C°0 [ T ¢
TL0°E 998°¢ 199°C SSvee 0se° e Svo°cC 6£8°1 (232 ¢ [-Y4 A § gce 't 810°T £18°0 L09°0 cov°o ?6T°0 [ ] B ¢
610°t L18°¢ St9°C 1 4 4 Ak clee 0ot10°C 808°T 909°t vov°t coc't 000°t 86L°0 965°0 V6E°0 c61°0 00°T
856°C 09L°C £9S°C g9oE°C L91°2 696°1t 1Lt £4S°T SLEt Lt 646°0 184°0 £8S°0 c8g°0 881°0 06°0
988°¢C £69°C 00S°C L0E°C vitee 0z6°t LeLt vEST IvE*T 1:1 4 S ¢ SS6°0 194°0 89S°0 SL£°0 c8r°o 08°0
008°¢C £19°C sevee 8ge°e 0S0°C £98°T SL9°t 88yt 00E"°t £IT°T SZ6°0 8£L°0 0SS°0 £9€°0 SLT1°0 0s°0
v69°C visee ££L°C £ST1°C cLé6°t céLt 119t 133 Ak ¢ osect 690°t 688°0 804°0 825°0 LYE*O L91°0 09°0
£95°¢C tT6£°C é12°2 Lv0°e S8t £0L°T I£S° 1 6SE°T 881°t ?10°t vv8°o cL9°0 00S°0 82g°0 9St°0 0S°0
£6£°C cgeee 1L0°C ItT6°1T (LT A ¢ 68S°t écv°t g89c°t L0T1°T v6°0 984°0 SZ9°0 vov°o vO0E°0 g£vT°0 ov°o
L9t1°¢ 120°C S8t 62L°t £8S°T LEV°T cée't vi°t 000°T vS8°o0 804°0 £9S°0 LIv°0 142°0 gZt°o 0g°0
0S8°t geit 009°t SLv°t (015 20 ¢ gee't 00T°T SL6°0 0S8°0 gcLo 009°0 SLv°0 0SE°O geeo 00T1°0 [ TALY)
SLet 182°t 881°t v60°T 000°T 906°0 c18°0 61L°0 SZ9°0 1£S°0 8gv° o vve*o 0sZ°0 9St1°0 c90°0 0t1°0
vig*t vee*t SET°T Svo°t SG6°0 S98°0 9LL°0 989°0 96S°0 90S°0 LIV 0 £Lae°0 LE2°0 Le1°0 850°0 60°0
0sct vot°t 640°T £66°0 806°0 eec8o LEL°0 1S9°0 99S°0 osv°o S6£°0 60£°0 veeo 8£1°0 £50°0 80°0
[4:) S0 ¢ 10T°¢T 0co°t 6£6°0 858°0 LLL°0 969°0 S19°0 vES*O £Sv°0 cLeo 162°0 602°0 8c1°0 LYv0°0 £0°0
TIT°T SE0°T 856°0 r4:1: 0 ?08°0 62L°0 £59°0 945°0 00S°0 vevo LPE*O 1£2°0 v6t1°0 8It1°0 Zv0°0 90°0
9£0°T v96°0 £68°0 128°0 0SZ°0 649°0 £09°0 9£S°0 vov°o £6£°0 12£°0 0SC°0 641°0 £0T°0 9£0°0 S0°0
9S56°0 068°0 vee*o LSL°0 169°0 Sc9°0 6SS°0 £6v°0 9cv°o 09£°0 v6c°o T4 c9t°0 960°0 620°0 v0°0
148°0 118°0 0SZ°0 689°0 629°0 89S°0 80S°0 Lyv*0 98£°0 9CE°0 g9c°0 So0c°0 vvi1°o £80°0 £20°0 £0°0
184°0 L2L°0 cL9°0 L19°0 £9S°0 80S°0 £Sv°0 86£°0 vveEO é82°0 (4 XA 081°0 sct°o 040°0 910°0 c0°0
€89°0 L£9°0 68S°0 ovS°o c6v°o 144 Ad1] S6£°0 LYE*O 862°0 0SZ°0 coc'o £GT1°0 Sot°0 950°0 800°0 10°0
£8G°0 2vS°0 00S°0 8sv°0 L1Iv°0 SLE°O £££°0 c62°0 0sZ°0 80c°0 L91°0 scto £80°0 cvo°o 000°0 00°0
A¢ ¢l 1 11 0T 6 8 L 9 S 14 b l | 0 y
(vy=3) AYOLSIH ILNIAIDIV ONISN IIVY NOILDI@IUd INIAIDIV “$-0T dT13VL

60



11.

DERIVATION OF THE FORM OF THE ACCIDENT HISTORY EQUATION

It is well to review here and to expand upon the discussion

of the accident-history-based accident prediction formula.

The basic form for accident-history-based hazard indexes will,

as in the Mengert report, be:

Equation 1

where:

(a)

(b)

(c)

(d)

h is the non-history (or basic) predicted accident rate as
developed in the Mengert report or as improved in Part I of
this report. The quantity h is a function of crossihg
characteristics (but not of accident history) and gives the
expected accident frequency conditional on crossing
characteristics as reported in the crossing inventory but
not conditional on previous accident history at that cross-
ing.

t is the number of years of observed accident history at the
given crossing.

n is the observed number of accidents in the period of t
years which constitutes accident history.

to is a parameter, based only on crossing gharacteristics

which characterize the weight to be given to accident

1 Mengert, Op. Cit., pp. H-1 through H-12.
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history versus the unconditional (or basic) accident pre-
diction index, h.

(e) H is the accident-history-based accident prediction rate and
like h is expressed in expected accidents per year.

Note that H is a weighted average of h, the non-history accident

prediction rate, and n/t, the observed accident rate in the

history period. The weighting factors

t
o and t

t+to t+t°.
add to one. The kéy task in developing the accident history
formula is in estimating t,» i.e., identifying and calibrating a
model for t, in terms of crossing characteristics. Before dis-
cussing the development of a model for tos the derivation of
Equation 1 will be given.

The derivation hypothesizes that each crossing, i, has an
unknown but constant accident rate ;- That means that if one
could know ¢ then one would find that the mean number of acci-
dents per year in the long run (over many years) would be ¢i.

The probability of n accidents in a given year would be given by

the Poisson formula:

n e n¢ .
P(n) = ¢ =7 Equation 2

and the probability of n accidents in t years would be given by

P(n]t) = Lﬁﬁ e-¢t

il Equation 3

These hypotentical Poisson distributions are due to the assumption

of time homogeneity and known specific accident rate ¢. In
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reality the specific accident rate ¢ cannot be determined from
the known crossing characteristics but must itself be assumed to
have random value according to a probability distribution deter-
mined by the crossing characteristics. For reasons of mathe-
matical simplicity in addition to the assurances of accepted

practice, it will be assumed that ¢ has a gamma distribution:

a X
Pr(¢<x) = T%ZT .f 221 e Equation 4
o

The gamma distribution is useful for describing the probability
distribution of an inherently positive quantity with a unimodal
distribution and with independently specifiable mean (u = a/b)
and variance (02 = —%). Since analysis of ordinary accident
prediction rates (ngn-accident history) neglects the distribution
of ¢ altogether, it is not over simplified to postulate that ¢
has such a two-parameter distribution. If such a distribution
is postulated for ¢, it follows (Appendix A) from the laws of
probability and from Equation 3 that the probability distri-
bution for the number of accidents at a crossing for which a and
b are known but ¢ is not known follows the negative binomial

formula:

_{a+n-1)/ b \2 1 \° .
P(n) = (a-l )(TTB) (TTB) Equation 5
It also follows from ordinary Bayesian analysis that the
distribution of ¢, given that n accidents are observed over a
period of t years as well as given the crossing characteristics

through the parameters a and b, is given by the gamma distribu-

tion:
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- X
Pr(¢<x|n,T) = f%&T.f ALl g"AB gy Equation 6
(o]

where o = a+n and B = b+t. (This is derived in Appendix A.) Now
the accident prediction index, H, is by definition the expected
value of ¢ given n accidents in t years i.e., H = E(¢|n). Using
the conditional distribution specified in Equation 6 for ¢, one

obtains for H:

ol e Equation 7

This is because the mean of the gamma distribution with param-
eters a, b is a/b.

What remains is to determine a and b as functions of cross-
ing characteristics. Note that if T=0 then n=0 of necessity
(since there must be zero accidents in zero time) and that H
becomes a/b in that case. But that case is just the unconditional
expected accident frequency (conditional or no accidents over no

time) which is just h. This leads to the equation
a/b = h Equation 8

We also change notation to b=to. This change is because a and b
are standard notation for the parameters of the gamma and nega-
tive binomial distribution while t, is a convenient notation to
use,

Substituting h = a/b and t, = b into Equation 7 the result

comes back to Equation 1, namely:

64



o>
"
Y]
+
=]

b+t

ca_b . n_t

BF+t ' tTh+t

=h—to 4'-11—1:
t+to tt"’to

Having derived Equation 1 it should not be noticed that t, like h
is a function of crossing characteristics. It would be sensible
to make t, an independent function of crossing characteristics,
but a reasonable compromise would be to make t, a function of h
only. The decision made in the present project was to calibrate
to as a function of h only. This decision was made primarily for
simplicity so that H could be constructed from h once h had been
determined. Some preliminary investigation had suggested that
the performance of H as an accident prediction index was not
strongly dependent on the values of to- Preliminary results
suggested that the simplest possible model for t, should be chosen.
The simplest model would be to = constant but.significantly better
performance can be obtained making t, a function of h.1 Prelim-
inary investigation suggested that to decreases as h increases.2
Furthermore, it is reasonable to require that t, have a maximum
value, since otherwise crossings with extremely low values of h
would result in very large values of to which in turn would have
no contribution to H from the term in n/t, the observed accident
frequency. As a result, the form assumed for t, was

-1

to = c + dh

1Mengert, Op. Cit., pp. H-1 through H-12.
2Ibid.
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which is the simplest model consistent with:

1. t, depends only on h

2. to is not constant

3. t, increases as h increases
4. t, does not go to infinity as h goes to zero.

An equivalent form is:

to "s+h

The key task that remains is to determine the best values to
use for r and s. Before doing that it is well to explain why t,
is expected to decrease as h increases. In the Mengert report
this tendency had already been observed in the limited experi-
mentation there.

Recall that the distribution of ¢ (the unknown specific

hazard of a crossing) is such that its variance is equal to its

mean divided by t,» (pu=h, 02 = Eh)i.e.:
o
o 2
t-1=—¢_
o Mo

Thus, explaining why to'1 increases with increasing h is equiva-
lent to explaining why ci increases facter than linearlv with h.
An informal argument goes something as follows: Suppose ¢
is determined by two factors, one factor depending on recorded
crossing characteristics (say, x) and the other factor depending
on unrecorded or unknown crossing characteristics (say, y) and

that ¢ = xy. Also suppose these factors are independent. Then,

66



where x is the fixed factor for recorded crossing characteristics

and My is the mean of y which represents the unknown character-

istics. Further,

2 2 2
o¢ X °y
and
02 X 02 o 2
.—2 = ___X = h (_X)
M My Hy

so that cz/u¢ increases linearly in h, the factor o:‘,/(uy)2 being
independent of recorded crossing characteristics. The idea is

that 02

is roughly proportional to the square of the unconditional
accident prediction rate. Since the unconditional accident pre-
diction rate is primarily a function of exposure, the idea is
that if the exposure is high the potential variability in ¢ is
proportionately high since there are many potential accidents and
whether or not they actually occur is a function of unknown cross-
ing characteristics |

If the variability in ¢ is proportional roughly to h, then

is proportional roughly to h and 02 is proportional roughly to

¢ ¢
h2 leading to to-l being proportional roughly to h. In addition,

ag

we wish to-l not to equal zero when h equals 0 or, with the same

1

effect, that to' be less rapidly increasing than proportionally

to h; and so the form to-l = c+df is chosen. It is, of course,
necessary that c turn out to be positive when the model is cal-

ibraded for this form to be retained. That has been found to be
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1

the case, so the simple form to' = c+dh (or equivalently

ty, = §§H) is the form developed and discussed in this report.

The determination of the proper values of r and s in

t

o §§H is now the key task in completing the development of the

accident prediction formula.

It was noted in the Mengert report that a good way to cali-
brate a model for t, is to use a subsample of only crossings
which have had at least one accident. That is a good idea from
the point of view of efficient use of the data. But since the
writing of that analysis, several years of accident history have
become available. As a consequence, it was decided that the best
use of time and resources would be a detailed examination of the
performance of alternative models on several years of actual
accident experience. Using power factors and prediction factors
calculated at 0.5 percent intervals, the performance of Equation
1 with t, = §§H and with various values of r and s was deter-
mined using various years as '"history'" years, i.e., as years to
determine n and various other years as 'test'" years, i.e., on
which to determine power factors and prediction factors. The
results of these experiments are described in Section 8. The

power factor and prediction factor measures, their calculation

and presentation in Tables are discussed in Section 9.
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12. CONCLUSIONS

The modification of the basic accident prediction formula to
include accident history as an explicit factor produces a formula
with much higher performance. For example, using three years of
accident history, the 1000 crossings from the national inventory
that have the highest predicted accident rate according to the
modified formula will have 75 percent more accidents than the
highest 1000 crossings identified by the non-accident history
formula. This is equivalent to saying that the power factor is
75 percent higher for these crossings.

The performance of the accident history formula increases
with the number of years of accident history (t). The amount of
increase is greatest for t=1 with the incremental increase
diminishing as t increases. The increase in permanence is
higher for crossings with higher values of the predicted accident
frequency.

The form of the accident history formula is a weighted sum
of the basic predicted accident rate (without accident history)
and the observed accident rate. The weights are not constant
but are a function of the basic predicted accident rate. The
weights are the same function for all three groups of crossings

(passive, flashing lights, and gates).
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PART III - COMPARATIVE PERFORMANCE
OF THREE RAIL-HIGHWAY CROSSING
HAZARD MODELS
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13. INTRODUCTION

Two of the most widely used rail-highway crossing hazard

1

models in use today are the New Hampshire (NH) model™ and the

z Other models use variations of the

Peabody-Dimmick (PD) model.
NH and PD models. With the expected wide use of the recently
developed DOT mode13, possibly supplanting the NH and PD models
in many cases, it is important to determine as clearly and

objectively as possible how the DOT model compares in performance

to these models. This memorandum provides such a comparison.

14. APPROACH

The measures of performance in comparing the three models
are the "power factor" and the "performance factor'" which were
developed at the Transportation Systems Center (TSC).4

If Y denotes the percent of accidents which occur within the
X% most hazardous crossings and Z denotes the percent of total
hazard index represented by the X% most hazardous crossings, then

the X% power factor is Y/X and the X% prediction factor is Y/Z.

These performance measures are for a given hazard model and for
a particular set of accident data, such as a given year's acci-

dent file. Thus, these measures will vary for different models

lrederal Highway Administration, "Railroad-Highway Grade Crossing

Handbook," U.S. Department of Transportation, Washington, D.C.,
August 1978, FHWA-TS-78-214, p. 87.

Peabody, L.E., and Dimmick, T.B., "Accident Hazard at Grade
Crossings,'" Public Roads, Vol. 22, No. 6, August 1941, pp. 123-144,

3Mengert, P., Op. Cit., p. B-7.
Mengert, P., Op. Cit.
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and will exhibit statistical variation for different accident
samples.

In this analysis, four years of accident data are used:
1975, 1976, 1977 and 1978. At this writing (May 1980) these are
all the accident records available that are keyed to the DOT-AAR
Rail-Highway Crossing Inventory. It is thought that a test in-
volving all the accident data would be more meaningful than if
only a single year's file is used. Therefore, the test used in
this analysis is against the four-year accident average for each
crossing.

The NH model and the PD model are selected for comparison
because they are two widely used models today and they do not
require any information not in the DOT-AAR inventory. The NH

model1 is

X
n

KCT for Passive Crossings

.6KCT for Flashing Light Crossings

.1KCT for Gate Crossings,

where H is the expected number of accidents/year. The constant

K is a normalizing factof determined from the total expected
number of accidents for the time period of interest. Consistent
with the assumption for the DOT model, '"passive crossings' consist

of crossings with warning device classes 1, 2, 3, and 4 in the

1Federal Highway Administration, Op. Cit., p. 87.
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Inventory; '"flashing light" crossings consist of crossings with
warning device classes 5, 6, and 7; and '"gate'" crossings consist
of crossings with warning device class 8.

The PD model1 consists of the formula

.17.,.151

¢ + £ (1),

SH = 1.28 1
The factor '"5" is present because this model produces the expec-
ted number of accidents for five years. The parameter A is a
"protection coefficient" which is related to the warning device
class of the crossing. Peabody-Dimmick identified thirteen types
of "protection" at a crossing which results in thirteen different
values for A. No coefficient is specified by them when there is
no warning device or sign at a crossing. The state of Kentucky
uses the PD model for which they specify nine warning device
classes, including '"no protection." These nine warning device

classes used by Kentucky and the associated '"protection coeffi-

cients" were obtained by IOCS in their recent work with Kentucky.

They are:

WARNING DEVICE CLASSES PROTECTION
USED BY KENTUCKY COEFFICIENTS

No protection 1.00
Crossbucks 1.65
Bells only 1.78
Stop signs 1.86
Wigwag with bell 2.03
Flashing lights 2.18
Flashing lights with bell 2,25
Flagman 2.52
Flashing lights with gates 2.70

1

Peabody, L.E., and Dimmick, T.B., Op. Cit., p. 125.
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Since the motivation for the present analysis is to evaluate
the specific model that Kentucky uses -- with the thought that
this is a typical user of the PD model -- it is necessary to
determine from Kentucky's coefficients the values of A that should
be assigned to the eight DOT-AAR warning device classes. These
values of A used in the present analysis are:

DOT-AAR WARNING
DEVICE CLASS A

coNON N~
NN NN
. .

(o)}

(73]

The parameter f(Iu) is intended to be read from a published

17T'151/A. Unfortun-

graph1 of f(Iu) versus Iu’ where Iu=1.28C'
ately, this graph is only defined for values of Iu up to 5.0,
whereas with today's volume of train and highway traffic, Iu
exceeds 5.0 for many crossings. In fact, approximately 2,500
crossings in the national inventory have values of Iu that exceed
5.0. This means that the Peabody-Dimmick model is not defined

for 2,500 crossings in the national inventory and hence a compara-
tive evaluation is hampered by this deficiency. In particular,

the prediction factors cannot be obtained in any meaningful way.

1Peabody, L.E., and Dimmick, T.B., Op. Cit.
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A

However, for the determination of power factors, this problem

can be avoided. Since the power factor is based on the relative
ranking of crossings rather than on the absolute value of H, if
the ranking of crossings based on Iu is the same as that based
on H, then the power factors will be the same in both cases.

That this is the case is seen in the following:

Let Y = Iu + f(Iu). Then
d daf
aL-lq-a.I._

Iu u .

Clcarly, if dy/dIu is greater than 0 for all values of Iu’ then
the ranking of crossings is the same whether Iu’ Y or H is used.
From the graph in the Peabody-Dimmick paper, it can easily be
seen that df/dIu is greater than -0.5. Therefore, dy/dIu is
greater than 1-.5 or .5, and the assertion is proved. Thus, it
ié not necessary to use f(Iu) in determining the power factors

and hence only Iu is used in the present analysis.

15. RESULTS
The following table contains the comparative results of the

three models for all warning device classes combined:
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These results show the superiority of the DOT model over the
other two. For the NH model, the power factors are reasonably
high but slightly lower than for the DOT model. The prediction
factors are much worse, however. This means that the hazard
indexes for the high hazard crossings are too high relative to
the low hazard crossings. This could be explained by the fact
that a simple exposure model (as the NH model is) shows no dim-
inishing of hazard index for high exposure, as the DOT model does.

For the PD model, the power factors are significantly lower
than for the other two models. This contrasts with the good
power factor performance found for individual warning device
classes.1 It is not completely clear what the reason is for tlie
poor performance for combined classes. The performance of a
model of this functional form depends on the values of the ex-
ponents (which are 0.17 and 0.151 in this case) and on the value
of the coefficients in the denominator. Note that the exponents
are much lower than for the NH model, which is unity for both T
and C. The reason for the low power factors, of course, is
that crossings which have a low accident rate are given a high
hazard index. Upon examining the crossings ranked by the PD
model, there appears to be a concentration of Class 1 (no warning
device or sign) crossings at the top. These, it turns out, have
a low accident rate. The reason Class 1 crossings appear at the

top probably is due to its low coefficient value of '"one." In

1Mengert, pP., Op. Cit.
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addition, it must be remembered that the PD model was developed
with the accident experience and crossing traffic that existed
from 1932 to 1936, and hence it is not surprising that it per-
forms poorly on today's crossings.

The preliminary conclusion to be drawn from these poor re-
sults of the PD model is that if the functional form of this
model is to be used, a better selection of values of A must be

made than those used by Kentucky.
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APPENDIX A

- To derive Equation 6, several definitions will first be
» introduced.
Let:
A
Pr(¢<ir) = j' p (x)dx Equation A-1
o

(this defines p(x))

Thus:
_ b2 a-1 _-ba )
D()\) = -rm A e Equatlon A-2

Let Pr(¢<ir,n) mean "the probability that ¢<i and that there
will be exactly n accidents in the t years of observation.”

Let Pr(n}¢=2) (or simply Pr(n|r)) means 'the probability that
there will be exactly n accidents in t years given that ¢ = A."

Let Pr(¢<xr|n) mean '"the probability that ¢<1 given exactly
n accidents in t years."

All the above is standard notation from conditional prob-

ability.
Let:
A
Pr(¢<ir,n) = .f p (x,n)dx Equation A-3
0
(this defines p(A,n))
A
Pr(¢<k|n)=uf p(x|n)dx Equation A-4
0

(this defines p(x|n))
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The basic formula for conditional probabilities from which

Bayesian analysis deriées states in general: - '
. Pr(A,B) = Pr(A|B)Pr(B)
_ = Pr(B|A)Pr(A) Equation A-5
(whatever events A and B may signify). In the present case:
Pr(¢<r,n) = Pr(¢<ar|n) Pr(n)
= Pr(n|¢<r) Pr(e<ir) Equation A-6
The latter is equivalent to:
p(x,n) = p(r[n) Pr(n)
= Pr(n|x) o(2) Equation A-7
It is known from Equation 3 that
n -t
Pr(n|)) = (At)n[e Equation A-8
and from Equation A-2Z that
_ _b% a-1 -ba
D(A) = 1.,—(5)- A e
Since
J e(rxIm)ar =1
0
it follows that
Pr(n) = f’ Pr(n|1) p(2)dx
()
The rest of the derivation is straightforward mathematical man-
g;' ipulation. From Equation A-7
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Pr(n|2) o(1)

p(lln) = Pr(m
e b a1 _-ba
T T(a) A e Pr(n)

= Aa+n-1 e-(b+t))\c

where c does not depend on A.

This shows that p(A|n) is like p(A) except that a is replaced by
a+n and b is replaced by b+t. This shows that the distribution
of ¢ conditioned on n accidents in t years is the same as the
distribution of ¢ with no accident history information except

that a and b are transformed as stated.
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